The steady-state growth yield of Streptococcus mutans (in a Teflon chemostat using a chemically defined medium that was treated to lower trace metal contamination and supplemented with high-purity trace metals) was doubled by addition of 0.63 p~ calcium. Subsequent increases in calcium concentration to 1.3 p~ and 2.5 p~ lowered steady-state growth yield below the level with no added calcium, suggesting that calcium has dose-dependent stimulatory and inhibitory effects on S . mutans.
I N T R O D U C T I O N
Calcium may not be essential for vegetative growth of most prokaryotic organisms. In only a few species has a calcium requirement been demonstrated (cited by Charnetzky & Brubaker, 1982; Rosen, 1982) . It has been suggested that most bacteria have energy-requiring calcium efflux processes that maintain the cytoplasmic concentration of this element below that of the external environment (Silver, 1977; Ambudkar et al., 1984) . The cariogenic organism Streptococcus mutans lives in close association with the teeth, but there is little information on the effects of calcium on its growth. In a chemostat made of Teflon and a chemically defined medium that was treated to reduce its contamination with trace metals, growth of S . mutans requires or is stimulated by several metals, while copper is inhibitory Aranha et al., 1982; Martin et al., 1984; Evans et al., 1986) . In the studies reported here the Teflon chemostat was used to examine the effects of calcium on the growth of S . mutans.
METHODS
The method of continuous cultivation of S . mutans OMZ176 in the Teflon chemostat was identical to that previously used . The procedures for treating the chemically defined medium (FMC medium) with Chelex-100 (Bio-Rad) to lower contamination with trace metals and for supplementing the medium with high-purity trace metal salts (Johnson-Matthey Chemicals) have been described . The calcium content of the Chelex-100 treated medium was below the limit detectable by atomic absorption spectroscopy (< 1.25 pM-Ca). Before inoculation, the medium was supplemented with 420 pM-Mg, 180 pM-Mn, and 18 pM-Fe, added as sulphate salts. When desired, calcium was added at various concentrations as filtersterilized solution of high-purity calcium chloride (obtained as calcium carbonate and solubilized with 0.01 M highpurity HCl). Addition of sodium chloride to control cultures showed that the added levels of chloride ion did not influence steady-state growth (the medium contains a sodium phosphate buffering system). The pH of the Short communication indicate the points at which the calcium concentration was changed. At the time indicated by the final arrow, the incoming calcium-containing medium was replaced with medium without calcium; the dotted line in (6) indicates the estimated decrease in calcium concentration calculated from the dilution rate.
continuous culture was maintained at 6.5, the dilution rate was 0.13 h-l, the dissolved oxygen concentration was 0.4 p.p.m., and the incubation temperature was 35 "C. Fig. 1 depicts the effects of three concentrations of calcium on the steady-state growth yield of S. mutans. After equilibrium growth was reached in medium with no calcium supplement, the calcium concentration was brought to 0.63 p~. A new steady-state was established in which growth yield was nearly doubled. The calcium concentration then was increased to 1-3 p~ and subsequently to 2.5 p~. These increases produced new steady-state growth levels, in dosedependent fashion, below that in medium without calcium. If the calcium-containing incoming medium was replaced with medium without calcium, reduction by dilution of the calcium concentration in the culture vessel produced an initial increase in growth yield (perhaps as the calcium concentration was reduced below its inhibitory point and reached a stimulatory concentration) with a final return of the steady-state growth to the 'zero' calcium level.
RESULTS AND DISCUSSION
These results suggest modulation of S. mutans growth by the level of calcium. Stimulation of growth may be a reflection of this organism's preference for a calcium-enriched niche; however, inhi bition of growth by higher calcium concentrations may support epidemiological data suggesting an association between increased calcium and reduced caries incidence (Glass et al., 1973; Schamschula et af., 1977) . It is difficult to relate the concentrations of calcium used in present studies to the levels of calcium in the human mouth. Calcium in saliva is present bound to proteins and as free ions, the latter being considered the biologically important form (Lagerlof & Ekstrand, 1982) . The concentration of biologically available calcium in the oral cavity is not clear, although the salivary level of ionized calcium has been estimated to be as high as 0-3-0.5 mM (Lagerlof & Ekstrand, 1982) . While these concentrations are higher than the stimulatory level identified in present studies, conditions in the chemostat do not precisely duplicate the oral environment. The culture medium contained only buffers, glucose, vitamins and amino acids, with no added proteins, and it is likely that most of the added calcium was available to the organism.
